Introduction {#S0001}
============

Allergic rhinitis is the most often present allergic disease. Its incidence has doubled within the recent 10 years. It is currently estimated that about 14--18% of the population suffer from the allergic rhinitis and conjunctivitis, and its incidence proves an increasing tendency \[[@CIT0001], [@CIT0002]\]. Allergens that trigger seasonal allergic rhinitis are pollens of grass, grains, trees and weeds. The only causative approach of treating allergic diseases with the potential to modify its course is allergen-specific immunotherapy (AIT) \[[@CIT0001]--[@CIT0003]\]. Despite numerous studies, a mechanism of this treatment method still remains not completely explained. The principle mechanism of AIT is induction of peripheral T cells tolerance and promotion of the formation of Treg cells. Exposure of sensitized patients to the allergen leads to cross-linking of a specific IgE antibody, bound to cell membranes of mastocytes, basophils, and to activation of inflammatory cells and a synthesis and the release of mediators, cytokines, and chemokines. This group of proinflammatory mediators responsible for the disease development also contains neuropeptides as of bradykinin, substance P, neurokinin A, kallikrein and others \[[@CIT0004], [@CIT0005]\].

A neurogenic mechanism plays a significant role in physiological regulation of nasal activity. Rich innervation of nasal mucous membrane together with plenty of immunocompetent cells, seem to be functionally interrelated. Furthermore, an immunoneurological interaction, as it has been proved by recent studies, plays a highly significant regulatory role in modulating an immunological response of allergic inflammation, and breaking of this balance contribute to development of allergic symptoms \[[@CIT0004]--[@CIT0009]\]. A certain role in development of inflammatory lesions in rhinitis pathophysiology is associated with bradykinin. This nanopeptide is released from α2 globulin (high- and low molecular kininogen -- HMWK and LMWK) through enzymes, mainly serous and tissue kallikrein. Bradykinin works through stimulation of specific kinin B1 and B2 receptors \[[@CIT0010], [@CIT0011]\]. Immunohistochemical examinations proved presence of the B1 and B2 receptors on the epithelium, mucous glands, fibroblasts, vascular endothelium, vascular smooth muscles, venous sinusoids, macrophages \[[@CIT0008], [@CIT0012]\]. Only the B2 receptors were confirmed to be present in peripheral nerves endings \[[@CIT0008], [@CIT0012]\].

Mediators secreted during an allergic inflammation could stimulate and modulate the activity of neurons present in the respiratory tract, and the other way round -- the nervous system may exert certain influence on activity of the inflammation process through stimulating blood vessels vasodilation and transudation as well as inflammatory and immunological active cells \[[@CIT0004], [@CIT0007], [@CIT0013]\]. Bradykinin, while stimulating the nerve endings, is responsible for some rhinitis characteristic symptoms. Nasal spraying of exogenous bradykinin causes sneezing, coughing, itching and produce watery secretion, blocking the nose in the majority rhinitis patients \[[@CIT0014], [@CIT0015]\]. All these symptoms are significantly reduced as a result of allergen immunotherapy \[[@CIT0001], [@CIT0002]\]. Immunological modulation is distinctly responsible for that but the function of the basic nasal regulator -- neurogenic is also impacted. Contribution of bradykinin in this process still remains unclear.

Aim {#S0002}
===

The aim of the present study was to assess the influence of allergen immunotherapy on bradykinin concentration in the nasal lavage fluid of mugwort allergic patients.

Material and methods {#S0003}
====================

The study included 22 allergic rhinitis patients. Thirty persons were allergic to the mugwort pollen (8 women, 5 men, mean age: 35.30 ±8.2 years old), treated in the Regional Allergy Clinic in Zabrze. Duration of the disease was 7.1 ±5.7 years on average (3 to 17 years). The diagnosis was made on the basis of data from anamnesis, positive skin prick tests with inhalant allergens, and asIgE assay. During the season preceding application of the specific immunotherapy, there was unsatisfactory effectiveness of pharmacotherapy recorded in all patients (antihistaminic medications, nasal corticosteroids). The seasonal allergic rhinitis patients with confirmed monosensitization to mugwort were qualified to the AIT according to the EAACI recommendations \[[@CIT0003]\]. None of those persons was desensitized previously. In the treatment standardized modified allergens -- allergoids of mugwort, were used Allergovit (Allergopharma, Germany). The vaccination was applied in a perennial schedule for 3 years.

The control group consisted of 9 patients (5 women, 4 men, mean age: 32.2 ±6.9 years) with seasonal allergic rhinitis, whose symptoms were controlled pharmacologically (nasal corticosteroids and antihistamines and oral antihistamines). They presented symptoms of the disease for 6.4 ±4.6 years on average (4 to 16 years). The skin prick tests performed confirm a polyvalent allergy to grass, trees and mugwort pollens. The patients experienced clinical symptoms throughout the whole pollen season, increased within the mugwort pollen one. None of those patients was desensitized earlier.

Effectiveness of the treatment was evaluated on the basis of records entered into a diary all over the pollen season (from May to September). The following symptoms were evaluated: coughing, intensity of watery secretion, nasal blockage, lacrimation. Subjects recorded quantities of the medications, application of which was assessed according to the following criteria: antihistaminic medications, topical cromones -- 1 point each, nasal corticosteroids -- 2 points.

Evaluation of the course of the mugwort pollen season and pollen concentration in the Silesian region during the study was based on data obtained from the Allergen Research Center in Warsaw.

Skin prick tests {#S20004}
----------------

Skin prick tests with inhalant allergens were performed with allergen extracts of house dust mites (*Dermatophagoides pteronyssinus* and *Dermatophagoides farinae*), timothy grass, ryegrass, rye, alder, hazel, birch, plantain, mugwort, nettle, dog\'s and cat\'s dander, 0.1% histamine, control solution (Allergopharma, Re, Germany).

Nasal lavage was performed according to the method described by Proud *et al*. \[[@CIT0016]\] in all patients before desensitization, and after the first, second year and third year of allergen immunotherapy (ITA) always before the pollen season. Initial nasal lavage with physiological saline was made in order to remove cell elements and possible remaining mediators. Ten minutes later, 5 ml of sterile saline solution pre-warmed to 37°C was instilled into both nostrils, then expelled into the collecting tube. Afterwards, the control solution (of the allergen solutions solvent) was sprayed into one nostril nasal channel, and 0.1 ml of mugwort solution with a concentration of 5000 BE/ml into the opposite nostril (Allergopharma, Reinbek, Germany). After further 10 min, the nose was again rinsed with physiological saline, recovered after 10 s. The nasal lavage fluids were then transferred into conical tubes and, after volume measurement, stored on ice before further processing. Mean recovery of nasal lavage fluids was 2.6 ±0.5 ml. The obtained material was centrifuged at 4000 g for 15 min in the temperature of 4°C, removing the cell elements. The supernatant was stored in the temperature of --70°C, until the assays were performed.

Bradykinin assay {#S20005}
----------------

Bradykinin was estimated in the recovered nasal lavage fluid using a method, described by Proud *et al*. \[[@CIT0016]\]. In the radioimmunoassay Tyr8-bradykinin was used (Peninsula Laboratories, Belmont, CA) which was iodinated by the method of Hunter and Greenwood \[[@CIT0016]\]. A 0.5 µg aliquot of Tyr8-bradykinin was mixed with 0.05 M phosphate buffer, pH 7.4, and 5 µl (0.5 mCi) Na ^125^I (Amersham Corp., Arlington Heights, IL). The iodinated bradykinin was diluted 1: 4 with 0.2 M Tris/0.01 M EDTA/0.1% lysozyme, pH 6.4, and frozen in aliquots. Rabbit antiserum to bradykinin was applied. A 200 µl volume of standard bradykinin or unknown, at suitable dilutions, was incubated with 100 µl of labeled bradykinin (10,000 cpm) and 100 µl of antiserum (1: 140,000 final dilution) for 20--24 h at 4°C. Supernatants were removed and the radioactivity associated with the precipitate was counted. The assay was capable of detecting a minimum dose of 20 pg bradykinin/ml.

Total IgE concentration and mugwort specific IgE (allergen-specific immunoglobulin E -- asIgE) in the serum was estimated with use of a fluoro-immunoenzymatic FEIA CAP System (Phadia, currently Thermo Fisher Scientific).

Statistical analysis {#S20006}
--------------------

Excel 5.1 spreadsheet was applied to collect the data. Statistica for Windows was used for statistical calculations. Group comparisons were performed by Wilcoxon analysis. The study of the correlations was analyzed by using the Spearman correlation coefficient.

Results {#S0007}
=======

The majority of the treated patients (8/13 -- 61.5%) reported significant improvement and reduction of the symptoms after the course of allergen immunotherapy ([Figure 1](#F0001){ref-type="fig"}).

![Mean values of symptoms score (VAS) in investigated patients during the 3-year observation (\**p* \< 0.05)](PDIA-33-28101-g001){#F0001}

In the mugwort allergic patients, visual analog score (VAS) decreased already after the first year of treatment from 9.0 to 7.16, i.e. by 20.4%. In the control group, this parameter decreased after the first year only by 4.51%, from 8.42 to 8.04.

In a subjective evaluation of clinical improvement as a result of the 3-year course of immunotherapy, a 32% decrease of VAS was recorded (ΔVAS -- 2.88). Within the control group, a minor improvement -- by 10.2% -- was observed (ΔVAS -- 0.90).

All of the desensitized patients lowered the number of previously used medications ([Figure 2](#F0002){ref-type="fig"}). Usage of medications dropped considerably after 1 year of SIT (*p* \< 0.05), decreasing in subsequent years, however without statistical significance.

![Total medication score in rhinitis patients allergic to mugwort (*n* = 13)](PDIA-33-28101-g002){#F0002}

Mean values of tIgE and asIgE concentration in investigated groups of patients and subsequent years are presented in [Table 1](#T0001){ref-type="table"}. None of them presented statistically significant changes.

###### 

Concentration of total IgE and asIgE to mugwort in patients in subsequent years of observation

  Group of patients     Before SIT \[IU/ml\]   After 1 year SIT \[IU/ml\]   After 2 years SIT \[IU/ml\]   After 3 years SIT \[IU/ml\]
  --------------------- ---------------------- ---------------------------- ----------------------------- -----------------------------
  Mugwort tIgE          192.4 ±35.2            202.4 ±38.2                  198.2 ±28.6                   203.7 ±33.8
  Controls tIgE         195.8 ±58.3            192.8 ±61.0                  201.8 ±65.4                   199.4 ±61.6
  Mugwort -- asIgE w6   19.6 ±7.8              20.54 ±7.4                   19.72 ±7.1                    19.48 ±7.0

Bradykinin concentration in patients' nasal lavage fluid {#S20008}
--------------------------------------------------------

Bradykinin concentration in the nasal lavage fluid before the allergen challenge observed in subsequent years of the study was statistically insignificant ([Table 2](#T0002){ref-type="table"}).

###### 

Initial bradykinin concentration in the nasal lavage fluid of mugwort allergic rhinitis patients

  Group of patients    Before SIT \[pg/ml\]   After 1 year SIT \[pg/ml\]   After 2 years SIT \[pg/ml\]   After 3 years SIT \[pg/ml\]
  -------------------- ---------------------- ---------------------------- ----------------------------- -----------------------------
  Mugwort (*n* = 13)   584.0 ±87.2            524.8 ±46.2, NS              534.2 ±51.4, NS               474.2 ±63.5, NS
  Controls (*n* = 9)   606.3 ±106.5           654.9 ±114.0, NS             626.4 ±82.8, NS               634.8 ±92.2, NS

Analysis of the basal bradykinin concentration in nasal lavage fluids before and after the 3-year treatment did not present any qualities of statistical significance (*p* \< 0.062).

Statistically significant differences were observed while analyzing the increase of bradykinin concentration in nasal lavage fluid (NLF) after mugwort allergen challenge ([Table 3](#T0003){ref-type="table"}).

###### 

Bradykinin concentration changes in patients' nasal lavage fluids after the mugwort allergen nasal provocation test (\**p* \< 0.05)

  Group of patients    Before SIT \[pg/ml\]   After 1 year SIT \[pg/ml\]   After 2 years SIT \[pg/ml\]   After 3 years SIT \[pg/ml\]
  -------------------- ---------------------- ---------------------------- ----------------------------- -----------------------------
  Mugwort (*n* = 13)   1112.4 ±334.8          824.1 ±184.2\*               586.2 ±224.6\*                564.4 ±208.4
  Controls (*n* = 9)   1013.3 ±305.9          1000.4 ±411.5                960.0 ±287.9                  981.7 ±237.4

Changes in the bradykinin concentration in the group of mugwort sensitized subjects were reduced after the first year of immunotherapy to 824.1 ±184.2 pg/ml (by 25.9%); after the second year 586.2 ±224.6 pg/ml (by 47.3%); after the third year 564.4 ±208.4 pg/ml (-- 49.2%) and were statistically significant after the first and the second year of treatment (*p* \< 0.05). Between the second and the third year of desensitization, there were no statistically significant changes observed (*p* \> 0.05).

In the control group, mean changes in bradykinin concentration in NLF after allergen provocation in consecutive years was irrelevant: in the second year -- 1000.4 ±411.5 pg/ml (by --1.27%); in the third year -- 960.0 ±287.9 pg/ml (--5.26%); IV -- 981.7 ±237.4 pg/ml (--3.12%) ([Table 3](#T0003){ref-type="table"}).

The severity of nasal symptoms and increase in the bradykinin concentration in nasal lavage fluids after NPT, presented a significant correlation already before the start of allergen immunotherapy (*r* = 0.70; *p* \< 0.05) and after the following years of treatment: after the first year of specific immunotherapy (SIT) (*r* = 0.66; *p* \< 0.05), after the second year of SIT (*r* = 0.47; *p* \< 0.05) and after the third year of SIT (*r* = 0.59; *p* \< 0.05).

A statistically significant correlation between changes of the bradykinin NLF concentration and symptoms score after 3 years of SIT (*r* = 0.49; *p* \< 0.05) was observed ([Figure 3](#F0003){ref-type="fig"}).

![Correlation between increase of bradykinin nasal lavage fluid concentration after allergen provocation and symptoms severity after 3 year course of mugwort ITA (*r* = 0.49, *p* \< 0.05)](PDIA-33-28101-g003){#F0003}

Severity of symptoms did not show any correlation with the serum mugwort specific IgE concentration and total IgE during the 3-year observation (*p* \> 0.05).

Discussion {#S0009}
==========

Despite significant progress, which has taken place within recent years in the research exploring the allergic inflammation pathomechanism within the upper airways, there are still numerous elements that remain unclear. Results of the study showed that the neurogenic mechanism could have a role to play in this process. Neuropeptides released in the airways induce nasal allergic symptoms to a considerable extent, through stimulation of neuronal endings, inducing edema of the nasal mucosa and causing an increased permeability of vessels \[[@CIT0005], [@CIT0008], [@CIT0009], [@CIT0015], [@CIT0017]\]. On the basis of available findings, it may be concluded that bradykinin is responsible for extending capillary vessels and its increased permeability, elevated generation of mucus, production of nitric oxide, and stimulation of nerve endings of non-myelinated type C nerve fibers, and to release the neuropeptides, such as the P and calcitonin gene-related peptide (CGRP) substance \[[@CIT0010], [@CIT0014], [@CIT0018], [@CIT0019]\]. This efferent function of afferent type C nerves is the axon response, and the effects of the released neurotransmitters are referred to as neurogenic inflammation.

Bradykinin presence in nerve endings, and its ability to stimulate mastocytes to release mediators, make this substance an important factor of the inflammatory process in airways \[[@CIT0005], [@CIT0012]\]. Our previous studies indicate a significant increase in the bradykinin concentration in the nasal secretion in the pollen season in allergic rhinitis patients \[[@CIT0016], [@CIT0020]\]. Application of a selective antagonist of the bradykinin B2 receptor -- icatibant -- blocks these stimulations effectively \[[@CIT0021]\]. Administration of icatibant in clinical trials allowed to decrease the nasal blockage, caused by allergen challenge in patients with allergic rhinitis \[[@CIT0021]\]. Authors suggest the role for bradykinin in the development of allergic rhinitis.

In the majority of hyposensitized patients (61.5%) a significant decrease in intensity of earlier recorded symptoms was observed. It was also expressed in the results of the nasal allergen provocation. Mugwort allergic patients already after the first year of specific immunotherapy presented, to a lesser extent, an increase of bradykinin concentration in NLF after allergen provocation. Dynamics of those changes correlated with clinical improvement expressed through a subjective evaluation of symptoms (VAS) (*r* = 0.47; *p* \< 0.05). The initial bradykinin concentration in nasal lavage fluids before the allergen challenge decreased over time in the SIT group, however these values were statistically nonsignificant and did not correlate with the clinical symptoms.

Analysis of concentration of allergen specific IgE to mugwort did not show any statistically significant changes. Furthermore, no changes of total IgE concentration were observed. These data are compliant with those obtained by Rogala *et al*. who did not record any significant changes in the concentration of allergen specific IgE \[[@CIT0022]\] during the 3-year immunotherapy desensitization in house dust mite and grass pollen sensitive patients. These results differ from data presented by other authors that showed a drop in allergen specific IgE in the serum of patients, who completed a 3--5-year course of desensitization \[[@CIT0023]--[@CIT0025]\]. Studies of Rosewich *et al*. with immunotherapy against house dust mites showed significantly decreased sIgE after subcutaneous immunotherapy (SCIT), but this reduction was not able to discriminate between responders and non-responders in the SCIT group \[[@CIT0026]\].

It seems possible that the IgG immunoglobulins play a more significant role than it was previously thought. Interestingly Dokic *et al*. in their study demonstrated that IgG4 could inhibiting release of mediators \[[@CIT0027]\]. IgG4 levels correlated with the TAME-enzyme activity, which is closely related with bradykinin formation (*r* = 0.85; *p* \< 0.01). Different results were presented by Creticos *et al*. in their studies \[[@CIT0028]\] who did not observe such a correlation in ambrosia allergic patients. In the group of patients with immunotherapy, the necessity to apply symptomatic treatment also decreased significantly already after the first year of the therapy. After the 3-year course of immunotherapy, only 25% of the desensitized patients required systematic pharmacological treatment during the pollen season. On the contrary, medication score in the control group did not change significantly. The most significant changes were observed in the first and second year of SIT, stabilizing in the subsequent year of desensitization. Blumberga *et al*. recently demonstrated that allergen-specific bronchial hyperreactivity (BHR) did not improve further in the second and third years of SCIT \[[@CIT0029]\]. In the control group, there was no long-term effect of medications used, on the bradykinin concentration in the nasal lavage fluids, both in basal conditions and after the allergen challenge. Results of other studies show that use of topical corticosteroids decreases only a temporary release of mediators into nasal fluids. When treatment is discontinued, a concentration of mediators in nasal secretion returns rapidly to previous levels \[[@CIT0030]\].

We did not observe any relation between the concentration of mugwort asIgE and the symptoms severity. These data are similar to the results of other authors, including Urbanek *et al*., Djurup *et al*. during desensitization of patients allergic to the Hymenoptera venom \[[@CIT0031], [@CIT0032]\], and Creticos *et al*. to ambrosia \[[@CIT0033]\]. The immunomodulation mechanisms in allergic patients as a principle of allergen immunotherapy, have not been fully explained. Lack of correlation between the clinical improvement and changes in the sIgE levels intrigue numerous researchers \[[@CIT0022], [@CIT0031], [@CIT0033]\]. It is possible that apart from the mechanism that decrease the release of mediators by immunocompetent cells, there is another mechanism lowering tissue responsiveness. This mechanism may be managed by low molecular proteins and neuropeptides. There are observations suggesting that stimulation of the nervous system and development of neurogenic inflammation support development of hyperresponsiveness of the airways \[[@CIT0004], [@CIT0017]\]. Bradykinin, released by numerous inflammatory cells, may be one of major contributors linking an allergic inflammatory reaction with neurogenic inflammation. The nervous and immunological systems cooperate within the process of the respiratory tract protection against pathogens. It was proved that a chronic inflammatory process in the airways led to an increased expression of bradykinin B2 receptors \[[@CIT0010]\].

Previous results of our study showed an increased level of bradykinin concentration, within the pollen season, in the nasal secretion of allergic rhinitis patients in comparison with the group of healthy individuals \[[@CIT0020]\]. An increase of vascular permeability in the respiratory tract of a rat, independent of mastocytes, suggests involvement of a non-immunological mechanism in etiology of vascular leakage \[[@CIT0015]\]. Our study has demonstrated an impact of mugwort immunotherapy on the bradykinin concentration in NLF. No relationship between peptide concentrations and the asIgE levels implies involvement of other mechanisms that are not IgE related. Baumgarten *et al*. administering bradykinin to the nose, observed sneezing, rhinorrhea, nasal blockage and an increase in concentrations of P substance, in a dose-dependent manner \[[@CIT0009]\]. It was a result of nerve endings stimulation, not of the influence on mastocytes. Studies by other authors also indicate that the mastocytes are not involved in the initial phase of neurogenic inflammation, which is characterized by an increased vascular permeability \[[@CIT0034]\] but may be responsible for late secretion of bradykinin, substance P, and neurokinin A \[[@CIT0035]\].

This study was not aimed to investigate the mechanisms underlying reduction of bradykinin release into NLF. The overall design of the study allows us only to speculate on the mechanism of modification of the bradykinin release within the course of allergen immunotherapy.

This study has several limitations. First, it was not a placebo-controlled study, what is a weakness in relation to assessment of clinical efficacy. In addition, a certain difficulty in interpretation of such kind of studies, is a small number of participants, limited by objective difficulties. Studies over neuropeptides in people, published in the literature, are based on small group of patients \[9, 16, 34\], because of methodological difficulties (provocation tests, peptides markings in nasal secretion) and costs. We might speculate that bradykinin, along with other mediators is a factor linking immunological and nervous mechanisms in regulation of the nasal mucosa function. Bradykinin release, reduced as a result of allergen immunotherapy may contribute to diminution of the intensity of allergic inflammation.

We expect that future studies will answer the question about the role of neuropeptides in the immunological homeostasis of a human body, and their function in the mechanism of allergic reactions.

Conclusions {#S0010}
===========

Allergen immunotherapy with mugwort allergoid of allergic rhinitis patients exerts suppressive influence on the neurogenic element of allergic inflammation, reducing secretion of bradykinin into nasal lavage fluids. Changes in the bradykinin concentrations in nasal lavage fluids do not correlate with the concentration of the allergen specific IgE.
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